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Abstract—In this paper, an alternative IEEE 802.21-assisted
Proxy Mobile IPv6 (PMIPv6) mechanism is proposed for
reducing handover latency and signaling cost in heterogeneous
wireless networks. The proposed mechanism comes to support
fast vertical handover for the mobile node (MN) irrespective
of the presence or absence of Media Independent Handover
(MIH) functionality as well as IP mobility functionality. That
is, the MN does not need to be participated in any MIH related
signaling for handover procedure, which can be consistent with
the essential objective of the PMIPv6. The base station with
MIH functionality performs handover on behalf of the MN.
Therefore, the proposed mechanism can reduce burden and
power consumption of MNs with limited resource and bat-
tery power. In addition, analytical evaluation, experiment and
simulation show that the proposed mechanism can outperform
the existing mechanism in terms of handover latency and total
number of over-the-air signaling messages. Thus, the proposed
mechanism can be expected to reduce the packet loss and
the bandwidth consumption of wireless links during handover
procedure comparing with the existing mechanism.
Index Terms—Proxy Mobile IPv6, IEEE 802.21 MIH, Fast
vertical handover, Handover latency, Signaling cost.
I. INTRODUCTION
To access the Internet, today’s mobile computers often
have multiple heterogeneous wireless network interfaces [1],
[2], [3], [4], [5], [6]. Thus, users can select and use the
most appropriate network interface depending on the network
environment, particularly in wireless networks which are
mutable and less reliable than wired networks. As an IP
mobility and handover solution for heterogeneous as well
as homogenous wireless networks, the Proxy Mobile IPv6
(PMIPv6) has been developed and applied successfully [7],
[8], [9], [10], [11]. The PMIPv6 protocol does not require the
mobile node (MN) to be participated in the IP mobility sig-
naling required for handover procedure. The mobility access
gateway (MAG) performs the IP mobility signaling required
for handover procedure on behalf of the MN. However, since
the MN moves between different two MAGs in PMIPv6,
the handover latency cannot be avoided. Therefore, in order
to reduce handover latency, various fast handover PMIPv6
mechanisms have been researched recently. Among them,
to deal with heterogeneous wireless networks, several IEEE
802.21-assisted PMIPv6 mechanisms have been researched
based on the exchange of IEEE 802.21 Media Independent
Handover (MIH) related signaling messages as well as IP
mobility related signaling messages [12], [13], [14], [15],
[16], [17]. Although these approaches can reduce the han-
dover latency through the interaction between cross layers,
the MN has to implement MIH functionality. However,
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this can be inconsistent with the essential objective of the
PMIPv6 that does not require the MN to be participated in
the IP mobility required for handover procedure. In addition,
the MIH functionality can be somewhat burdensome and
power consumptive for MNs with limited resource and
battery power. Moreover, there can be the number of MIH
related signaling messages for handover procedure, which
can cause considerable trafﬁc overhead over wireless links
as the number of MNs grows.
Therefore, to resolve the problem of existing mechanisms
in [12], [13], [14], [15], [16], [17], an alternative IEEE
802.21-assisted PMIPv6 mechanism is proposed for fast
vertical handover in heterogeneous wireless networks. The
main objective of the proposed mechanism is to support fast
vertical handover for the MN irrespective of the presence
or absence of MIH functionality as well as IP mobility
functionality, whereas the MN in existing mechanisms in
[12], [13], [14], [15], [16], [17] has to implement MIH func-
tionality. That is, the proposed mechanism does not require
the MN to be participated in MIH related signaling required
for handover procedure, which can be consistent with the
essential objective of the PMIPv6. The base station (BS) with
MIH functionality performs handover procedure on behalf
of the MN. Therefore, the proposed mechanism can reduce
burden and power consumption of MNs with limited resource
and battery power. In addition, from analytical evaluation,
experiment and simulation, the proposed mechanism can be
shown to outperform the existing mechanism in terms of
handover latency and total number of over-the-air signaling
messages. Thus, the proposed mechanism can be expected
to reduce the packet loss and the bandwidth consumption
of wireless links during handover procedure comparing with
the existing mechanism.
II. IETF PMIPV6 AND IEEE 802.21 MIH
In recent, the Proxy Mobile IPv6 (PMIPv6) was standard-
ized in Internet Engineer Task Force (IETF) [7][8]. This
protocol to supporting mobility does not require the mobile
node (MN) to be involved in the signaling required for
mobility management. The mobility access gateway (MAG)
in the network performs the signaling and does the mobility
management on behalf of the MN. However, since the
MN moves between different two MAGs in PMIPv6, the
handover latency cannot be avoided. Therefore, the need to
communicate efﬁciently on the move and to minimize the
packet loss caused by a handover is becoming increasingly
important because the handover latency is unacceptable for
real-time IP services and throughput sensitive applications.
To provide general solutions for the vertical handover in
heterogeneous access networks, the IEEE 802.21 standards
group developed the media independent handover (MIH)
Engineering Letters, 21:2, EL_21_2_03
(Advance online publication: 21 May 2013)
 
______________________________________________________________________________________ function [3], [4], [5]. The major purpose of MIH function
is to provide abstracted services to upper layers by means
of a uniﬁed interface and thus to enhance users’ experience
of mobile devices by supporting handover between hetero-
geneous networks. These services provided by MIH function
help the upper layers in maintaining service continuity,
service adaptation to varying quality of service, battery life
conservation, and network discovery and link selection.
III. MAIN RESULTS
As shown in Figure 1, the proposed mechanism requires a
new entity, an MIH capable wireless base station (MIH-BS).
The MIH-BS manages the MIH related signaling on behalf
of the MN that is attached to its L2, which is the key idea
of the proposed mechanism.
A. Operation Procedure
1) Acquirement of Information on Adjacent Networks:
When the MN in the serving network senses the signal
strength of the serving MIH-BS is becoming too weak,
the MN decides the L2 handover. Then, the MN’s L2
produces a handover trigger and sends it to the serving
MIH-BS. This L2 trigger can be reused by the exist-
ing standard message. Then, the serving MIH-BS sends
MIH Link Going Down Indication to the serving point of
service (PoS) located in the serving access router. The serv-
ing PoS queries the MIIS(Media Independent Information
Service) Server to retrieve information about available adja-
cent networks to which the attached MN may handover. This
retrieval is done through exchanging MIH Get Information
Request and MIH Get Information Response.
2) Determination of Handover Target: The serving
MIH-BS triggers a network-initiated handover by send-
ing the MIH Net HO Candidate Query Request mes-
sage to the serving POS. The serving PoS sends the
MIH N2N HO Query Resource Request messages to dif-
ferent candidate PoSs (can be more than one) to query
the availability of resource to provide QoS at candidate
networks. The candidate PoS responds by sending the
MIH N2N HO Query Resource Response message to the
serving PoS. The serving PoS determines the target network
and the new MAG (NMAG) for the handover based on
the resource availability information of candidate networks
through the received MIH N2N HO Query Resource Re-
sponse message. The serving POS responds by sending
the MIH Net HO Candidate Query Response message to
the serving MIH-BS to inform that the target network is
determined.
3) Handover Preparation: The serving MIH-BS requests
handover commitment to the serving POS in the serving
network by sending the MIH Net HO Commit Request mes-
sage to the serving POS. The serving PoS also notiﬁes
the target PoS of the fact the MN is about to move
to the network and connect to the NMAG through the
MIH N2N HO Commit Request message. The target PoS
replies the result of the handover commitment by sending
MIH N2N HO Commit Response to the serving POS. The
serving POS responds by sending the MIH Net HO Commit
Response message to the serving MIH-BS to inform the
result of the handover commitment. Upon receiving the
MIH N2N HO Commit Request message, the NMAG in the
target network queries the incoming MN’s proﬁle informa-
tion to a policy store such as AAA server. As a result, the
NMAG obtains proﬁle information for PMIPv6 processes
corresponding to the MN.
4) Handover Execution: Once the MN establishes L2
connection to the target MIH-BS in the target network, the
NMAG detects the MN’s attachment and then sends Router
Advertisement (RA) message to the MN. The RA message
is constructed with the queried MN’s proﬁle information.
It can be solicited by Router Solicitation (RS) message
from the MN and periodically transmitted. MN conﬁgures
IP addresses on its interface, currently used to connect
to the NMAG, based on the received RA message. The
NMAG in the target network registers the current MN’s
location to LMA by sending Proxy Binding Update (PBU)
message. After reception of PBU, the LMA updates the
lifetime for the MN’s entry in binding cache table, and replies
with Proxy Binding Acknowledgement (PBA) message, then
starts transmission of the buffered data through the tunnel
between LMA and NMAG. Thus, the PMIPv6 procedures
are completed and then MN receives packets through both
NMAG and LMA.
5) Handover Completion: After the PMIPv6
procedure, the target MIH-BS sends the
MIH Net HO Complete Request message to the
target PoS. The target PoS and the serving POS
exchange messages MIH N2N HO Complete Request
and MIH N2N HO Complete Response. Then, the target
POS sends the MIH Net HO Complete Response
message to the target MIH-BS, which completes overall
handover procedure.
IV. PERFORMANCE EVALUATIONS
In this section, the proposed mechanism is shown to
outperform the existing mechanism through analytic perfor-
mance evaluation, experiment and simulation.
A. Analytical Evaluation
The proposed mechanism can support fast vertical han-
dover for the MN irrespective of the presence or absence
of MIH functionality as well as IP mobility functionality,
whereas the MN in existing mechanisms [12], [13], [14],
[15], [16], [17] has to implement MIH functionality. That
is, the proposed mechanism does not require the MN to be
participated in MIH related signaling required for handover
procedure, which can be consistent with the essential ob-
jective of the PMIPv6. The MIH-BS performs handover on
behalf of the MN. Therefore, the proposed mechanism can
reduce burden and power consumption of MNs with limited
resource and battery power.
The handover latency can be deﬁned by the time required
for two steps “Handover Execution” and “Handover Com-
pletion” from Figure 2. Then, handover latencies for the
proposed mechanism and the existing mechanism in [12],
[13], [14], [15], [16], [17] can be represented as shown
in Table 1. The term T:  in Table 1 deﬁnes the time
required for the exchange of  related signaling messages
between two entities  and . The handover latency of
the proposed mechanism is shown to be explicitly shorter
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______________________________________________________________________________________ Fig. 1. Operation procedure of proposed IEEE 802.21-assisted PMIPv6
than that of the existing mechanism due to the exchange
time TMIH:MN BS of over-the-air signaling messages. Es-
pecially, the term TMIH:MN BS can be varied diversely due
to the dynamic nature of wireless technologies. Meanwhile,
the signaling cost can be deﬁned by the total number of
over-the-air signaling messages between MN and BS during
overall handover procedure, that is, ﬁve steps. As shown in
Table 1, the proposed mechanism can reduce 6 signaling
messages over wireless links between MN and BS comparing
with the existing mechanism in [12], [13], [14], [15], [16],
[17], which means that the proposed mechanism can reduce
considerably trafﬁc overhead over wireless links.
From the above analysis, the proposed mechanism can be
shown to outperform the existing mechanism in terms of
handover latency and total number of over-the-air signaling
messages. Thus, the proposed mechanism can be expected
to reduce the packet loss and the bandwidth consumption
of wireless links during handover procedure comparing with
the existing mechanism in [12], [13], [14], [15], [16], [17].
B. Experiment for Packet Loss Measurement
To demonstrate the practical usefulness of the proposed
mechanism, experiments are performed to measure packet
loss for a real-time audio streaming service. It is noted
that the packet loss could be appreciable for real-time and
throughput-sensitive Internet services such as multimedia
streaming, VoIP, and IPTV [6], [18], [19]. Hence, mini-
mizing packet loss is an important issue in the practical
environment. The testbed for experiments has two MAGs,
PMAG and SMAG, and a single MN communicating with
a correspondent node (CN) over IEEE 802.11n wireless
network environment. For this testbed, the trafﬁc is generated
by the audio streaming server that plays a role of the CN.
Then a single MN RTP/UDP streaming service between two
MAGs is experimented for the proposed mechanism and the
existing mechanism. To make a clearer, 50 handovers are
performed and then lost packets are measured. As shown in
Fig. 2, experiments show that the proposed mechanism can
minimize packet loss more than the existing mechanism.
C. Simulation for Signaling Cost Measurement
Simulations are also performed to measure signaling cost,
that is, the number of over-the-air signaling messages be-
tween MNs and BS for MNs’ handovers. As shown in
Table 2, 50 MNs are considered and they are assumed to
perform randomly 28 handovers for 60 minutes. As shown
in Fig. 3, simulations show that the proposed mechanism
can outperform remarkably the existing mechanism, which
means that the proposed mechanism can reduce considerably
trafﬁc overhead over wireless network environment during
handover procedure.
V. CONCLUSION
This paper has proposed an alternative IEEE 802.21-
assisted PMIPv6 mechanism for reducing handover latency
and signaling cost in heterogeneous wireless networks. The
proposed mechanism can support fast vertical handover for
the MN irrespective of the presence or absence of MIH
functionality as well as IP mobility functionality, whereas
the MN in existing mechanisms has to implement MIH
functionality. In other words, the MN does not need to
participate in any MIH related signaling for handover pro-
cedure in the proposed mechanism, which can be consistent
with the essential objective of the PMIPv6. On behalf of
the MN, the BS with MIH functionality performs handover.
Therefore, the proposed mechanism can reduce burden and
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______________________________________________________________________________________ power consumption of MNs with limited resource and battery
power since MNs are not required to be participated for the
handover procedure. In addition, the proposed mechanism
has been shown to outperform the existing mechanism in
terms of handover latency and total number of over-the-
air signaling messages through analytical evaluation, exper-
iment and simulation. Thus, the proposed mechanism can
be expected to reduce the packet loss and the bandwidth
consumption of wireless links during handover procedure
comparing with the existing mechanism.
TABLE I
ANALYTICAL EVALUATION
Handover latency Signaling cost
Proposed TL2 + TPMIPv6:AR LMA 1 mechanism +TMIH:BS AR
Existing TL2 + TPMIPv6:AR LMA 7 mechanism +TMIH:MN BS + TMIH:BS AR
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Fig. 2. Experiment result : Packet loss measurement.
TABLE II
SIMULATION CONDITION FOR SIGNALING COST MEASUREMENT
Number of MNs 50
Simulation duration 60 Min
Number of handovers for each MN 28 times
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Fig. 3. Simulation result : Signaling cost measurement.
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